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PRELIMINARY AMENDMENT 



Sir: 



Prior to examination, Applicants wish to amend the subject application as follows: 
In the Claims: 

Claim 4, line 1, please change "one of claims 1-3" to —claim 1— . 
Claim 9, line 1, please change "any one of claims 1-3" to —claim 1—. 
Claim 10, line 1, please change "any one of claims 1-3" to -claim 1— . 
Claim 16, line 1, please change "any one of claims 13-15" to --claim 13-. 
Claim 21, line 1, please change "any one of claims 13-15" to -claim 13-. 
Claim 23, line 1, please change "any one of claims 13-15" to -claim 13-. 
Claim 27, line 1, please change "any one of claims 13-15" to -claim 13-. 
Claim 28, line 1, please change "any one of claims 13-15" to -claim 13-. 
Claim 29, line 1, please change "any one of claims 13-15" to -claim 13—. 
Claim 30, line 1, please change "any one of claims 13-15" to -claim 13--. 
Claim 31, line 1, please change "any one of claims 13-15" to -claim 13—. 
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Claim 32, line 1, please change "any one of claims 13-15" to --claim 13-. 



Claim 34, line 1, please change "any one of claims 13 and 15" to -claim 13-. 



Claim 35, line 1, please change "any one of claims 14 and 15" to -claim 14--. 



REMARKS 



Claims 1-39 are pending herein. Applicants have amended the claims to eliminate 
multiply dependent claims. No new matter has been added. Applicants believe the case is 
now in condition for examination. 

If the Examiner believes that contact with applicants' attorney would be advantageous 
toward the disposition of this case, he is herein requested to call applicants' attorney at the 
phone number noted below. 
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September 26, 2000 
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METHOD OF TREATING STTBSTANfTR AND APPARATUS Fflft 
CARRYING OUT THE SAME 



Background of the Invention 

Field of the Invention 

The present invention relates to a method of treating substances by 
applying discharge plasma to a fluid containing the substances to be treated. 
The present invention also relates to an apparatus for carrying out such a 
substance treating method. Particularly, the present invention relates to a 
technique for decomposing, by discharge plasma, harmful or poisonous 
substances such as dioxins contained in waste gases emitted from burning 

systems into harmless substances or easily collectable substances. 
Description of the Related Art 

Various kinds of harmful substances are contained in waste gases 
discharged from city type incinerators and large scale industrial waste treating 
plants. Recently, Tint, only NOx and SOx, but also dioxins have been notified 
as harmful substances. It is important to emit the waste gas into the 
atmosphere after reducing concentrations of these harmful substances below 
allowable safety level. 

Heretofore, many treating methods have been developed for 
reducing concentrations of harmful substances in waste gases. However, in 
the known methods, large scale treating equipment is required, a treating 
efficiency is relatively low, a running cost is rather high, and a maintenance i3 
complicated. Therefore, the known treating methods could not be effectively 
used. For instance, in many burning systems, electric precipitation devices 
are used. However, it has been made clear that the electric precipitation 
mi ght be a source generating harmful dioxins. Therefore, nowadays, a bag 
filter has been utilized instead of the electric precipitation device. However, 
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the bag filter has a short life lime and its maintenance is rather complicated. 

Trt order r.n remove or mitigate the above mentioned demerits, Lhtjre 
has been proposed a substance treating method, in which harmful substances 
arc reacted with electrons generated by corona discharge or dielectric barrier 

5 discharge and are transformed or converted into harmless substances or 

substances which could be collected easily. Fig. 1 shows a known waste gas 
treating apparatus. An electrically conductive pipe 1 serving as a coaxial 
Tubular reaction vessel is provided, a wire electrode 2 is aiiangcd along a 
longitudinal axis of the pipe 1 and a pulse supply source 3 is connected across 

10 the pipe and the wire electrode to generate corona discharge within the pipe. 
Then, a waste gas is flowed through the pipe 1 and dioxins, NO x and SO x are 
reacted with radicals and accelerated electrons generated by the corona 
discharge and are decomposed into harmless substances. 

Fig. 2 shows another known waste gas treating apparatus using the 

15 above mentioned pulse discharge plasma. In this apparatus, an inner pipe 4 
made of a dielectric material is arranged on an inner wall of an electrically 
conductive outer pipe 1 and a wire electrode 2 is arranged within the inner 
pipe 4 along its longitudinal axis. In this apparatus, an AC voltage supply 
source 5 is connected across the electrically conductive outer pipe 1 and the 

20 wire electrode 2 to generate the barrier discharge. 

Fig. 3 is a perspective view depicting anorher known waste gas 
rrearing apparatus disclosed in Japanese Institute of Electrical Engineers 
Theses, Hiroyuki YASUI, "Waste Gas Treating Technique with Pulse Corona 
Discharge", Vol. 119, No. 5, 1997. Aplurality of plate electrodes 6 are 

25 arranged in parallel with each other, wire electrodes 7 are arranged between 
adjacent plate electrodes, and a pulse supply source 3 is connected across the 
plate, electrodes 6 and the wire electrodes 7. A waste gas containing 
substances tn be treated is flowed through spaces between successive plate 
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electrodes 6. 

In Lhe known substance treating method using the discharge plasma, 
die wire electrode is arranged along the longitudinal axis of the gas flow 
passage having a relatively large cross sectional area, and therefore the 

5 discharge plasma could not be generated uniformly along the space through 
which the waste gas flows. For instance, in the known apparatus shown in 
Fig. 1, the discharge, plasma is locally produced around the wire electrode 2 as 
depicted in Figs. 4 and 5, and Lhe plasma is scarcely generated near the 
periphery of the gas flow passage. When the discharge plasma is localized, a 

10 possibility of the reaction of given substances contained in the waste gas with 
electrons generated by the plasma might be decreased, and the treating 
efficiency becomes low. This problem also occurs in the known apparatus 
shown in Fig. 3 using the plate electrodes 6 and wire electrodes 7. 

In the above explained known substance treating apparatuses, the 

15 pulse supply source or AC voltage supply source is connected across the two 
kinds of electrodes. In order to decompose dioxins contained in a waste gas, 
dioxins have to be reacted with elections having substantially high eneigy. 
However, thclknown waste gas treating apparatuses could not efficiently 
generate electrons having high energy. That is to say, although an ordinary 

20 AC voltage supply source is connected across the electrodes, it is impossible 
To gRneram efficiemly electrons having desired high energy. 

When the AC voltage supply source is utilised, electrons having 
energy of about 1 eV are predominantly generated as shown by a curve A (I IF 
plasma) in Fig. 6, but a density of electrons having energy higher than 5 eV 

25 becomes very low. In order to decompose dioxins efficiently, electrons 
having energy of about 3-10 eV are effective, but a density of such high 
energy electrons is low. Therefore, the known apparatus using the high 
frequency voltage supply source could not decompose dioxins efficiently. 
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Moreover, in case, of using ihe pulse supply source, in order to 
decompose dioxins efficiently, il is necessary Lo generate electrons having 
energy of about 3-10 cV. To this end, a voltage pulse applied across the 
discharge electrodes must have a sharp or steep raising edge as well as a short 
pulse duration. To this end, one may consider to utilize a pulse supply source 
including a thyratron as an active element. The pulse supply source using the 
thyratron has sharp raising edge, short pulse duration and large discharge 
current as shown in Fig. 7. However, die llryiauon has several drawbacks 
such as large size, low power efficiency, high cost, short life time, large 
secular variation and cumbersome maintenance. Particularly, in the waste 
treating system, a power consumption is liable to be large due to the cathode 
heater and cost for exchanging the ihyraiiuu having a slioil life lime becomes 
high. 

In order to overcome the above mentioned problems, it is desired to 
utilize a pulse supply source having a semiconductor element as a switching 
element, because the semiconductor elemew has a high power efficiency and a 
very lung life Lime. As the semiconductor switching clement, use may be 
made of GTO (Gate Turn-off Thyristor) and IGBT (Insulated Gate Bipolar 
Transistor). However, GTO has a very slow raising edge and a long duration 
as illustrated in Fig. 8. Furthermore, electrons having a desired energy level 
could nor be ge.nerarerl efficiently unless a plurality oflargc scale ciiuuils> 
including maguetic compression circuits arc connected in cascade. Although 
IGBT can generates a pulse having a steeper raising edge and a shorter 
duration than GTO as shown in Fig. 9, its raising edge is not sufficiently sharp 
for generating electrons having high energy of about 3-10 eV with a high 
density, such electrons being necessary for decomposing dioxins in an efficient 
manner. 

There has been also proposed to treat harmful substances contained 
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in waste gases using materials having catalysis. However, a treating 
efficiency is nor sufficiently high, and waste gases emitted from city type, 
iuciueratoisi and industrial waste Lrcaliiig plants could not he purged 
effectively, because such waste gases contain harmful substances with very 

5 high densities. 

Recently there has been proposed to treat harmful substances using 
materials such as Ti0 2 having photocatalysis. However, this type 
phoTocatalysis needs to be excited with ultraviolet, and therefore its 
application is limited to outdoor such as load fence, load surface and outer 

10 wall of building. Therefore, the photocatalysis could be not be utilized for 
purging waste gases emitted from city type incinerators and industrial waste 
treating plants. 

gumnw Of the Invention 
The present invention has for its object to provide a novel and 
15 useful method of treating substances, in which the substances can be treated 
efficiently by a combination of catalysis and discharge plasma generated 
uniftirmly along a long passage through which a fluid containing the 
substances to be treated is flowed. 

It is another object of the invention to provide a method of treating 
20 substances, in which the substances can be treated efficiently with a pulse 
discharge plasma which can generate, electrons having a desired high energy 
level with a high density. 

It is another object of the invention to provide a method of treating 
substances, in which the above mentioned pulso discharge plasma generating 
25 electrons having high energy level can be effectively produced by a 
semiconductor switching element. 

It is still another object of the invention to provide a method of 
treating substances, in which a treating efficiency can be improved by exciting 
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a photocatalysis material with ultraviolet radiation emitted from the discharge 
plasma- 
According to tbe invention, a method of Healing substances 
comprises the steps of: 
5 generating discharge plasma within an electrically insulating honeycomb 

structural body having a plurality of through holes by applying a discharge 
voltage across electrodes, at least a part of the electrodes being made of a 
meLal having caLalysis; 

flowing a fluid containing substances to be treated through said plurality 
10 of through holes formed in the honeycomb structural body; and 

treating the substances contained in the fluid by a reaction with the 
discharge plasma and by catalysis of at least apart of the electrodes. 

According to further aspect of the invention, a method of treating 
substances comprises the steps of: 
15 generating discharge plasma within an electrically insulating honeycomb 

structural body having a plurality of through holes by applying a discharge, 
voltage across electrodes, al least a pari of Said huiicyuumb structural body 
being made of a material having photocatalysis; 

flowing a fluid containing substances to be treated through said plurality 
20 of through holes formed in the honeycomb structural body; and 

Treating The snbsrancfts conrainp-d in rhfc fluid by a reaction with the 
discluuge plasma and by decomposition and/or oxidation by active oxygen 
generated by said photocatalysis material excited with radiation emitted from 
the discharge plasma. 
25 According to further aspect of the invention, a method of treating 

substances comprises the steps of: 

generating discharge plasma within an eler.trically insulating honeycomb 
structural body having a plurality of through holes by applying a discharge 
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voltage across electrodes, at least a part of said honeycomb structural body 
being made of a phulocatalysis material and at least a pari of the electrodes 
being made of a metal having catalysis; 

flowing a fluid containing substances to be treated through said plurality 
5 of through hobs formed in the honeycomb structural body; and 

treating the substances contained in the fluid by a reaction with the 
discharge, plasma, by catalysis of at least a part of the electrodes and by active 
oxygen geneiaied by said plioluualaly sis material excited with radiation 
emitted from the discharge plasma. 
10 The present invention also relates to an apparatus for treating 

substances, and has for its object to provide a substance treating apparatus 
which can treat particular substances efficiently, white the apparatus can be 
small in size, can save power, can have a long lif e time, and is less expensive 
in cost. 

15 According to the invention, an apparatus for treating substances 

comprises: 

an electrically insulating honeycomb slmcLural budy having a plurality of 
parallel through, holes through which a fluid containing substances to be 
treated is flowed; 

20 an electrode system for generating discharge plasma within the 

honeycomb structural body such that the substances contained in The fluid 
flowing through the through holes is reacted with the dischaigc plasma, at 
least a part of said electrode system being made of a material having catalysis; 
and 

25 a power supply source connected to said electrode system for applying a 

discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

According to further aspect of the invention, an apparatus for 
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treating substances comprises: 

a honeycomb structural body having a plurality of parallel through holes 
through which a fluid containing substances to be treated is flowed, at least a 
part of said honeycomb structural body being mads of ceramics including a 
material having photocatalysis; 

an electrode system for generating discharge plasma within the 
honeycomb structural body such that the substances contained in the fluid 
flowing through the through holes are reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
discharge plasma; and 

a voltage supply source connected to said electrode system for applying a 

dischaige voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

According to further aspect of the invention, an apparatus for 
treating substances comprises: 

an declrically insulating honeycomb structural body having a plurality of 
parallel through holes through which a fluid containing substances to be 
treated is flowed, at least a part ot" said honeycomb structural body being made 
of a material having photocatalysis; 

an electrode system for generating discharge plasma within the 
houeycouib structural body such that the substances contained in the fluid 
flowing through the through holes is reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
discharge plasma, at least a part of said electrode system being made of a 
material having catEdysis; and 

a power supply source connected to said electrode system for applying a 
discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 
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In the method and apparatus for treating a substance according to 
the invention, gas or liquid, i.e. fluid containing substances to be uealcd is 
flowed though the through holes formed in the honeycomb structural body and 
the discharge plasma is generated within the through holes. Since the 

5 discharge, space is defined by the through holes, the discharge plasma is 

generated uniformly over a whole cross section of the fluid passage, and thus 
the substances can be efficiently reacted with radicals and electrons genexated 
by the discharge plasma with a high possibility. In this manner, the substance 
treating efficiency can be increased. 
10 Furthermore, when at least a part of the electrode system for 

generating ihe discharge plasma is made of a catalysis metal such as platinum, 
palladium and nickel scries metal, die substances to be Uealcd can be 
decomposed by the reaction with electrons having lower energy level under 
the catalysis. In this manner, the treating efficiency can be further improved 

is materially. 

Moreover, when at least a pail of die huueycumb structural body is 
made of a photocatalysis material, the photocatalysis material can be 
effectively excited with ultraviolet radiation emitted from the discharge 
plasma which is generated uniformly along the through holes of the 

20 honeycomb sUuuLural body. Then, active oxygen is generated, and the 

substances to be treated arc decomposed and/or oxidized by Lhc thus generated 
active oxygen. According to the invention, the active oxygen is generated 
not only near the inner wall of the through hole, but also over a whole cross 
section of the through hole, and therefore the treating efficiency is very high, 

2S Further, the substances to be treaTed are first transformed into intermediate 
substances by radicals and electrons in the discharge plasma, and then the thus 
transformed intermediate substances are further treated by the active oxygen. 
Alternatively, the substances to be treated are first reacted with the active 
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oxygen to produce intermediate substances, and then the thus transformed 
imermediaLe substances are Teacted with radicals and electrons in the 
discharge plasma, In this manner, the substances contained in the fluid can 
be treated very efficiently. 
5 The method and apparatus for treating substances according to the 

invention may be used for various applications. Particularly, it is preferable 
to apply the present invention to city type waste incinerators and large scale 
industrial waste healing plants, and dioxiuss, NO x and SO x contained in waste 
gases discharged from these burning systems can be decomposed into 
10 harmless substances by the reaction with the discharge plasma generated 
within the honeycomb structural body. In such applications, it is particularly 
preferable to generate the discharge plasma within the honeycomb structural 
body as pulse corona discharge plasma. In such a pulse corona discharge 
plaama, electrons having sufficiently high energy level for effectively 
15 decomposing dioxios can be generated with an extraordinary high density. 
In this case, in order to decompose harmful substances such as dioxins in an 
effective maimer, it is preferable to generate the pulse corona discharge plasma 
which can produce electrons having high energy level of 3-10 cV. To this 

end, it is preferable that a raiGing edge of a pulse discharge current is larger 
20 than 5xl0 10 A/second, particularly larger than lxlO 11 A/second and an 

amplitude of the pulse discharge current is several, thousands amperes. 

According to the invention, in order to generate die pulse corona 

discharge plasma, it is preferable to construct said pulse supply source by a 

static induction thyristor as a switching element. The static induction 
25 thyristor is a semiconductor switching element, and therefore size is small, 

power consumption is low, life. time, is semipermanent, maintenance is easy, 

and cost can he reduced. 

According to a first principal structure of the present invention, said 
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discharge plasma is generated within the honeycomb structural body in a 
direction parallel to a longitudinal direction of the through boles, and 
according to a second principal structure of the present invciiLiuii, the 
discharge plasma is generated within the honeycomb structural body in a 
5 direction perpendicular to a longitudinal direction of the through holes. 

In a preferable embodiment of the substance treating apparatus 
according to the First principal structure of the present invention, said electrode 
system comprises firsT and second ftlecrrodes provided nn respective end 
surfaces of the honeycomb structural body and said first and second electrodes 
10 are connected to the power supply source such that a discharge voltage is 
applied in a direction parallel to a longitudinal direction of the through holes. 
In such a structure, said first and second electrodes may be formed by first and 
second mesh electrodes piovided on the end surfaces of the honeycomb 
structural body, or may be formed by metal films applied on the end surfaces 
15 • of the honeycomb structural body. In the later case, it is preferable that the 
metal films are extended onto inner walls of the through holes. 

In a preferable embudimeiiL of the subs Lance treating apparatus 
accci-ding to the second principal structure of the present invention, said 
electrode system comprises a cylindrical electrode arrange on the honeycomb 
20 structural body and a plurality of wire electrodes passing through holes, said 
cylindrical electrode being connected to a first output terminal of the power 
supply source and said plurality (if wire eleclnxles being connected to a 
second output terminal of the power supply source. 

In another preferable embodiment of the substance treating 
25 apparatus according to the second principal structure of the invention, the 
electrode system comprises first and second groups of a plurality of wire 
electrodes passing through the through holes, said first and second groups of a 
plurality of wire electrodes heing connected to first and second output 
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rrnnirials, respfXTivftly of the: power supply source. 

In another preferable embodiment of liic substance treating 
apparatus according to the second principal structure of the present invention, 
the electrode systems comprises a first group of a plurality of strip electrodes 
each being applied on inner walls of the through holes and a second group of a 
plurality of strip electrodes each being applied on the inner walls of the 
through hole'; tn he opposed to the first group strip electrodes, said first and 
second groups of a plurality of wire electrodes being connected to first and 
second output terminals, respectively of the power supply source. 

In case or using the honeycomb structure, it is preferable to form 
protrusions and depressions in inner walls of the through holes of the 
honeycomb suuctuial body. Then, (lie fluid containing substances to be 
treated becomes a turbulent flow and is effectively staired* 

According to the present invention, a plurality of honeycomb 
structural bodies are arranged in parallel with each other or in series with each 
nTher. Tn the former case, electrodes arranged on one end surfaces of the 
honeycomb structural bodies are commonly connected to one output terminal 
of the power supply source and all electrodes provided on the other end 
surfaces of the honeycomb structural bodies are commonJy connected to the 
other output terminal of the power supply source. In the later case, 
electrodes arranged on end surfaces of respective honeycomb structural bodies 
may be connected to a same power supply source or different power supply 
sources having different output voltages. 

According to further aspect of the present invention, an apparatus 
for treating substances comprises: 

a sleeve electrode; 

a first insulating sleeve made of ceramics containing a material having 
photocatalysis and arranged in an inner wall of the sleeve electrode, said first 
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insnlaraig sleeve, constituting a passage for a fluid containing substances to be 
treated; 

a wire electrode arrange along a central axis of the first insulating sleeve; 

a second insulating sleeve made of ceramics containing a material having 
5 photocatalyeis and arranged around the wire electrode; and 

a discharge voltage source connected to said sleeve electrode and wire 
electrode to generate Hischargp. plasma between the sleeve electrode, and the 
wire electrode; 

wherein the substances contained in the fluid are treated by reaction with the 
10 discharge plasma and with active oxygen generated by exciting the material 
Saving photocatalysis with radiation emitted from the discharge plasma. 

Also in lids substance treating apparatus, it is preferable that the 
discharge voltage source is formed by a pulse supply source to generate pulse 
corona discharge between the sleeve electrode and the wire electrode, 
15 Furthermore, the material having photocatalysis may be Ti0 2 . 

Brief Description of The Drawing s 
Fig. 1 is a perspective view showing schematically a known waste 
gas treating apparatus including a pipe-like electrode and a wire electrode; 

tig. 2 is a schematic cross sectional view illustrating a known 
20 waste gas treating apparatus utilizing a dielectric barrier discharge; 

Fig. 3 is a perspective view riepicTing sohemariralTy a known waste 
gas treating apparatus utilizing corona discharge generated by plate clecUudes 
and wire electrodes; 

Figs. A and 5 are lateral and longitudinal cross sectional views, 
25 respectively showing a discharge condition in the known waste gas treating 
apparaftis shown in Fig, 1; 

Fig. 6 is a graph showing a relationship between energy and density 
of electrons generated in known high frequency plasma; 
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Figs. 7, 8 and 9 are graphs illustrating a waveform of pulses 
generated by pnlsr, supply sources using thyratron 7 GTO and TCTRT, 
lespectively; 

Fig. 10 is a schematic view showing a first embodiment of the 
5 substance treating apparatus baaed on a first principal structure according to 
the present invention; 

Fig. 11 is a schematic view depicting a second embodiment of the 
substance treating apparatus hased on the first principal structure according to 
the invention; 

10 Fig. 12 is a graph showing a waveform of a pulse generated by a 

pulse supply source utilizing a static induction thyristor; 

Fig, 13 is a perspective view illustrating a pan of a mesh electrode 
of a third embodiment of the substance treating apparatus according to the 
invention; 

15 .big. 14 is a perspective view illustrating a part of a mesh electrode 

of a fourth embodiment of the substance treating apparatus according to rhe 
invention; 

Fig. 15 is a perspective view illustrating a fifth embodiment of the 
substance treating apparatus according to the invention, in which mesh 
20 electrodes are applied to end surfaces of a honeycomb structural body; 

Fig. 16 is a perspective enlarged view representing a pan of the 
mesh electrode shown in Fig. 15; 

Figs. 17 and 18 are lateral and longitudinal cross sectional views, 
respectively showing a condition of pulse corona discharge in the embodiment 
25 shown in Wg. 15; 

Figs. 19, 20, 21 and 22 are schematic views illustrating sixth, 
seventh, eighth and ninth embodiments, respectively of the substance treating 
apparatus according to the invention based on the second principal structure; 
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Fig. 23 is a schematic perspective view illustrating a tenth 
embodimenr of rhe substance treating apparatus according to the invention, in 
which a plurality uf honeycomb structural bodies art; arranged in para.11 el; 

Fig. 24 is a schematic perspective view illustrating an eleventh 
embodiment of the substance treating apparatus according to the invention, in 
•which a plurality of honeycomb structural bodies are arranged in series; 

Fig. 25 is a schematic perspective view showing a twelfth 
embodiment of the substance treating apparatus according to The invention, in 
which a plurality of honeycomb structural bodies are arranged in series; 

Fig. 26 is a cross sectional view depicting a thirteenth embodiment: 
of the substance treating apparatus according to the invention, in which 
depressions and protrusions are formed in an inner wall of a through hole of a 
honeycomb structural body, 

Fig. 27 is a perspective view showing a fourteenth embodiment of 
the substance treating apparatus according to the invention, in which a 
honeycomb structural body is not used; and 

Fig. 28 is a schematic view representing a waste burning plant 
using the substance treating apparatus according to the invention. 

Description of the Preferred Embodiments 
Now the present invention will be explained in detail with reference 
to several embodiments shown in the. accompanying drawings. 

Fig. 10 is a schematic view showing a first embodiment of the 
substance treating apparatus according to the invention based on the first 
principal structure. According to the invention, a honeycomb structural body 
11 made of an electrically insulating material is used as a structural member 
for forming a passage through which a fluid containing substances to be 
treated is flowed as well as a discharge space, for generating discharge plasma. 
In the first principal structure according to the invention, a discharging voltage 
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is applied in parallel with a longitudinal direction m which a plurality of 
through holes 12 formed in Che honeycomb structural body 11 extend. In the 
present embodiment, mesh electrodes 1 3 and 1 4 are provided on end surfaces 
of ihe honeycomb structural body 11 and an AC voltage supply source 15 is 
5 connected across these mesh electrodes 13 and 14. Furthermore, these mesh 
electrodes 13 and 14 are made of a material having catalysis. In the present 
embodiment, the mesh electrodes 13 and 14 are made of nickel series metal. 
According to the invention, the electrodes may be made of any metal having 
catalysis such as platinum and palladium. By using the mesh electrodes 13 
10 and 14 having catalysis, harmful substances contained in a fluid flowing 
through the through holes 12 formed in the honeycomb structural body 1 1 are 
liable to be decomposed, and therefore can be effectively decomposed by the 
reaction with radicals arid accelerated elections generated by the discharge 
plasma produced within the honeycomb structural body 11. 
15 In the present embodiment, harmful substances such as dioxins, 

JNO x and SO x contained in a waste gas emitted from a city type incinerator are 
decomposed into harmless substances by reacting these harmful substances 
with radicals and accelerated elections generated hi the discharge plasma 
which is produced within the honeycomb structural body 11 . The 
20 honeycomb structural body 1 1 is made of cordierite ceramics and the through 
holes 12 are formed with a density of about five holes per one. square 
centimeter. The mesh electrodes 1 3 and 1 4 has a mesh size of 40 mesh. 
Furthermore, the AC supply source 15 has a variable output voltage up to 
70 kV and a frequency of several kHz, e.g. 5 kHz. 
25 It should be noted that the number of the through holes 12 per unit 

surface area of the honeycomb structural body 1 1 , the mesh size of the mesh 
electrodes 13 and U, and an output voltage of the high frequency volts 
supply source 15 as well as a cross sectional area of a through hole 12. and 



00095 (11-272,603) 



-17- 



length and diameter of the honeycomb structural body II may be determined 
in accordance with a flow raTe of a wasre gas combining substances to be 
treated, concentrations of these subsldiices in die waste gas and residual 
concentrations of these substances after the treatment. Mainly due to 
manufacturing view points, the honeycomb structural body 11 preferably has a 
length of about 1-100 cm and a diameter of about 5-20 cm. The through hole 
12 has a square cross section having such a size that its inner contact circle is 
preferably set to aboiw 5-10 mm. 

Fig, 11 is a schematic perspective view showing a second 
embodiment of the substance treating apparatus according to the invention 
also based on the first principal structure. In this embodiment, portions 
similar to those of the first embodiment are denoted by same reference 
uumcials used in Fig. 10 md their detailed explanation is dispensed with. 
In the first embodiment shown in Fig. 10, the mesh electrodes made of a metal 
having catalysis 13 and 14 are connected to the AC supply source 15, but in 
the present embodiment, the mesh electrodes 13 and 14 are connected to a 
pulse supply source 1 6. By using the pulse supply SOuiCc 16, pulse COiOna 
discharge plasma is generated in the through holes 12 formed in. the 
honeycomb structural body 11. According to the invention, the pulse supply 
source 16" is constructed such that electrons having high energy level such as 
about 3-10 eV are generated with an extraordinary high density. Then, 
dinxins contained in a wasLe gas caube effectively decomposed. 

As explained above, in the present invention, by using the pulse 
supply source 16, it is possible to generate electrons having high energy of 
about 3 10 eV with an extraordinary high density as represented by a curve B 
in Fig, 6. Such electrons having energy of about 3-10 eV can decompose 
dioxins in an efficient manner, and therefore an ability for treating a waste gas 
can be improved. Furthermore, in the present embodiment, the mesh 
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elecurodes 13 and 14 are made of a metal having catalysis and harmful 
substances are liable to be decomposed. In this manner, the decomposition 
of harmful substances contained in the waste gas can be further improved by a 
synergic effect of the catalysis of the mesh electrodes and the high energy 

5 electrons generated by the pulse corona discharge plasma. 

In order to generate electrons having high energy of about 3-10 eV 
for decomposing dioxins efficiently with a high density, the pulse supply 
source 1 6 is preferable constructed sudi dial a. raising edge of a pulse cuxuua 
discharge current is higher than 5xl0' u A/sec, particularly 1x10" A/sec, an 

10 output voltage is higher than 10-70 ItV and a conduction current is several 
thousands amperes . By using such a pulse supply source, a pulse voltage 
applied across the discharging electrodes can have a raising rate of about 
1 x 1 0 12 V/scc. Such a pulse supply source may be constructed by a thyratron, 
but the pulse supply source including the thyratron has various drawbacks 

15 such as large size, high power consumption, short life time, i.e. 10 9 shots and 
cumbersome maintenance and high cost. 

Aucuidhig to die invention, in order to mitigate the above 
mentioned drawbacks of the pulse supply source, use is made of a pulse 
supply source including a static induction thyristor as a switching element. 

20 Fig. 12 is a graph showing a property of the static induction thyristor. From 
this graph, it is apparew that the static induction thyristor has a very steep 
raiding edge and can conduct a very large current Of course, the static 
induction thyristor is a semiconductor element, a size is small, i.e. <b50 to 
<j>100 mm, a power consumption is very low, a life time is substantially 

25 semipermanent, maintenance is easy and cost is low. In this manner, the 
pulse supply source having the static induction thyristor as a switching 
element is most suitable for the pulse supply source of the substance treating 
apparatus according to the invention. According to the invention, the 
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amplitude of the pulse voltage is about 10-70 kV and a pulse repetition 
frequency is several kHz to 10 kHz. 

Figs. 13 and 14 ate perspective views showing mesh electrodes of 
third and fourth embodiments, respectively of the substance treating apparatus 
5 according to the invention. Also in these third and fourth embodiments, the 
mesh electrodes are made of a metal having catalysis. In the third 
embodiment shown in Fig. 13, through holes 12 of the honeycomb structural 
body 1 1 have a hexagonal cross section and the mesh electrode 13 has 

rectangular openings. In the fourth embodiment illustrated in Fig. 14, 
10 through holes 12 of the honeycomb structural body 11 has a square cross 

section and the mesh electrode 13 has a corresponding square openings so that 
the openings of the mesh electrode are not covered with the mesh electrode. 
According to the invention, it is not always necessary to make size and 
configuration of the mesh of the electrode 13 and the through hole 12 of the 
15 honeycomb structural body 11 to be identical with each other. It is important 
to construct the mesh electrode and through hole such that discharge plasma is 
generated uniformly ovei die whole siiucture of the honeycomb structural 
body. 

Fig. 15 is a perspective view showing a fifth embodiment of the 
20 substance treating apparatus according to the invention based on the first 
principal structure, and Fig, 16 is a perspective view ilhisrraring a mesh 
elecLrude on an enlarged scale. In the piestait embodiment, mesh electrodes 
17 and 18 arc formed by metal layers applied on end surfaces of a honeycomb 
structural body U . In this manner, it is possible to obtain the mesh 
25 electrodes which do not clog through holes 12 of the honeycomb structural 
body 11. The mesh electrodes 17 and 18 are connected to a pulse supply 
source 16. In the present embodiment, the mesh electrodes 17 and 1 8 are 
extended onto inner walls of the through holes 12 to increase a contact surface 
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of the mesh electrodes with a waste gas. 

Figs. 17 and 18 are lateral and longitudinal cross sftorional views, 
respectively representing a condition or pulse txjruna discharge plasma 
generated along the through holes 12 of the honeycomb structural body 11 
when a pulse is applied to the mesh electrodes from the pulse supply source 16. 
As illustrated in these figures, discharge plasma is generated uniformly along 
the through holes 11 of honeycomb structural body 11, and therefore, dioxins 
contained in waste gas can bp. effectively reacted with high energy electrons 
and radicals generated by the discharge plasma. In this manner, dioxins can 
be decomposed effectively. The inventors have confirmed that the discharge 
plasma is a surface discharge produced along the inner wall of the through 
hole 12 formed in the honeycomb structural body 11. 

Iu the first Lu fifdi embodiments explained above, the discharging 
voltage is applied in a direction parallel to a longitudinal direction of the 
through holes 12 formed in the honeycomb structural body 11 . In the second 
principal structure according to the invention, the discharging voltage, is 
applied in a direction perpendicular Lu the longitudinal direction of the through 
holes. Fig. 19 is a perspective view showing a sixth embodiment of the 
substance treating apparatus according to the invention based on the second 
principal structure. In the present embodiment, a plurality of wire electrodes 
21 are passed through the through holes 12, said wire, electrodes being made of 
a metal having catalysis. One endx of die wire clccLrudcs 21 aio secured to a 
first conductive plate 22 and the other ends of the wire electrodes 21 arc 
secured to a second conductive plate 23 . The first and second conductive 
plates 22 and 23 are connected one of output terminals of a pulse supply 
source 16, and the other output terminal of the pulse power supply source is 
connected to a cylindrical electrode 24 arranged on the honeycomb structural 
body 11. Tn this case, it. is not necessary to pass the wire electrodes 21 
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having catalysis through all the through holes 12. According to the invention, 
it is preferable, ro spread the wire, electrodes 21 uniformly over the through 
holes 1 2. 

Fig. 20 is a schematic view illustrating a seventh embodiment of 
5 the substance treating apparatus according to the second principal structure of 
the present invention. In the above mentioned sixth embodiment shown in 
Fig. 19, one the discharging electrodes is constituted by the cylindrical 
electrode 1.5 arranged around The honeycomb structure 1 1 , bur in the present 
embodiment, all discharging electrodes are formed by wire electrode made of 
10 a metal having catalysis and are passed through the through holes 12. That is 
to say, wire electrodes 26 of a first group are connected to one of output 
terminals of a pulse supply source 16 and wire electrodes 27 belonging to a 
bcuund group arc cumieUcd lo the oilier output terminal of the pulse supply 
source 16. In this case, the wire electrodes 26 and 27 of the first and second 
15 groups are arranged to be distributed uniformly. 

Fig. 21 is a schematic view depicting an eighth embodiment of the 
substance treating apparatus according lo the second principal structure of the 
invention. In the present embodiment, a honeycomb structural body 11 is 
made of ceramics including TiO?. having photocatalysis. Discharging 
20 electrodes are f ormed by rod electrodes 28 and 29 formed by injecting a 

conductive material into through holes 12 of the honeycomb structural body 
11. Tn this case, a through bole 12 having a rod elecLrude formed therein is 
completely clogged, and therefore the rod electrodes 28 and 29 are preferably 
distributed with a lower density than the previous embodiments. 
25 in the present embodiment, a discharging voltage is applied in a 

direction perpendicular to a longitudinal direction of the through holes 12 of 
the honeycomb structural body 11 and discbarge plasma is generated within 
through holes in which the rod electrodes 28 and 29 are not provided, the 
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photocatalyeis matenai contained in the ceramic honeycomb 11 is excited with 
ultraviolet radiation emitted from the discharge plasma to produce active, 
oxygen. Harmful substances contained in a waste gas flowing through the 
tluuugli holes 12 are decomposed or oxidized by active oxygen. In this case. 
5 active oxygen is generated not only near the inner walls of the through holes 
1 2, but also apart from the inner walls. Therefore, a possibility of reaction of 
harmful substances in waste gas with active oxygen is increased and the 
treating efficiency is further improved. 

Fig. 22 is a perspective view depicting a ninth embodiment of the 
10 substance treating apparatus according to the second principal structure of the 
present invention. In the present embodiment, a honeycomb structural body 
11 is made of ceramics containing a photocatalysis material, and first and 
second snip eledrudes 31 mid 32 made of a metal having catalysis are secured 
cm inner walls of through holes 1 1 formed in the honeycomb structural body 
15 11. The first and second strip electrodes 31 and 32 are connected to a pulse 
supply source 16. The strip electrodes 3 1 and 32 may be formed by applying 
a suitable mask on an inner wall or a through hole, a metal having catalysis is 
deposited o» the inner wall, and then the mask is removed. Alternatively, a 
metal having catalysis may be first applied on an inner wall of a through hole 
20 and then, a part of the metal film may be removed by using a suitable mask. 
It is preferable to provide the scrip electrodes 31 and 32 in all the Through 
boles 1 % bnt according to the invention, it is iioL always necessary to do so. 

In the embodiments so far explained, only a single honeycomb 
structural body 11 is provided, but in case of treating a large amount of a waste 
25 gas, a single honeycomb structural body could not provide a sufficiently large 
cross sectional area. In a tenth embodiment of the substance treating 
apparatus according to the invention shown in Fig. 1\ a plurality of 
honeycomb structural bodies 1 1 are arranged in parallel with each other to 
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obtain a large cross sectional area through which a waste gas is flowed. 
Mesh electrodes 35 arranged oil one cud surfaces of respective honeycomb 
structural bodies 11 arc commonly connected to one output terminal of a pulse 
supply source 16 and mesh electrodes 36 provided on the other end surfaces of 
5 honeycomb structural bodies 1 1 are commonly connected to the other output 
terminal of the pulse supply source 16. In this manner, a plurality of 
honeycomb structural bodies 11 are: arranged in parallel with each other with 
respect ui the flow of a waste gas to be treated as well as electrically. 
According to the invention, the honeycomb structural bodies 11 may be made 
10 of ceramics containing a material having photocataiysis and/or the mesh 
electrodes 35 and 36 may be made of a metal having catalysis. 

When a concentration of harmful substances contained in a waste 
gas is high or an allowable residual amount of harmful substances in a 
treated gas must be very small, it is not sufficient to flow a waste gas through 
i5 a single honeycomb structural body. In such a case, a longer honeycomb 
structural body may be used , However, in This case, a discharging vol Lage 
mighL be exUemely high. In an eleventh embodiment of the substance 
treating apparatus according to the invention, a plurality of honeycomb 
structural bodies 11a, lib, lie and lid are arranged in series with each other 
20 as depicted in Fig. 24. In such a tandem arrangement, mesh electrodes 
arranged on end surfaces of honeycomb structural bodies arc alternately 
cuixncetcd to first and second output terminals of a pulse supply source 16. 
Also in the present embodiment, one or more of the honeycomb structural 
bodies 11a, lib, 1 lc and lid may be made of ceramics containing a material 
25 having photocataiysis and/or one or more mesh electrodes may be made of a 
metal having catalysis. 

Pig. 25 is a schematic perspective view showing a twelfth 
embodiment of the substance treating apparatus according to the invention, in 
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which a plurality of honeycomb structural bodies 1 1 a- 1 If are arranged in 
series with each other. In the eleventh embodiment shown in Fig. all the 
honeycomb structural bodies have the same configuration and size and the 
same discharging vollage is applied across end surfaces of respective 

5 honeycomb structural bodies. In the present embodiment, the honeycomb 
structural bodies lla-llf have different lengths and different discharging 
voltages are applied to the honeycomb structural bodies. That is to say, 
viewed in a direction of a flow of a waste gas, first two honeycomb structural 
bodies 1 1 a and lib have a short length and mesh electrodes arranged on end 

10 surfaces of these honeycomb structural bodies are connected to a first pulse 
supply source 16a. Next two honeycomb structural bodies 11c and lid have 
a long length and mesh electrodes arranged on end surfaces of these 
honeycomb structural bodies are cunncctcd to a second pulse supply source 
16b. The remaining two honeycomb structural bodies 11c and 1 If have a 

15 short length and mesh electrodes arranged on end surfaces of these 

honeycomb structural bodies are connected to a third pulse supply source 16c, 

The first two honeycomb smicmral bodies 1 1 a and lib connected 
to Ihe firsL pulse supply source 10a constitute a preliminary exciting region for 
exciting preliminarily harmful substances contained in a waste gas. 

20 Therefore, the mesh electrodes arranged on end surfaces of these honeycombs 
structural bodies 11a and lib are made of a metal having catalysis such that 
harmful substances can be effectively decomposed preliminarily. The next 
two honeycomb structural bodies 11c and lid constitute a main exciting 
region for decomposing harrnful substance preliminarily excited in the 

25 preliminary exciting region into harmless substances and/or substances which 
could be easily collected by a later simple treatment Therefore, it is 
preferable to make the honeycomb structural bodies 1 1 c and 1 1 d nf a material 
having photocatalysis. The. remaining two honeycomb structural bodies lie 
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and llf constitute an after exciting region for decomposing residual harmful 
substances with electrons having higher energy. Output peak voltages of the 
first, second and third pulse, supply sources 16a, 16b and 16c are. set to 15 kV, 
20 kV and 30 kV, respectively. In the presenL embodiment, liic honeycomb 
sLruetural body lias through holes of square cross section having a side of 
6 mm. According to the invention, size and configuration of through holes of 
honeycomb structural body and amplitude and pulse duration of the pulse 
voltage may be determined such that suitable discharge condition can be 
attained. 

Fig- 26 is a cross sectional view showing a configuration of inner 
walls of through holes 12 of a honeycomb structural body 11 of a thirteenth 
embodiment of the substance treating apparatus according to the invention. 
In the previous embodiments, the through holes 11 have flat or smooth inner 
walls, but in llie present embodiment, protrusions and depressions arc formed 
in the inner walls of through holes 12 as illustrated in Fig. 26. Such a 
configuration of the inner walls of through holes 12 may be easily obtained by 
forming a number of ring-shaped recesses or by forming small protrusions 
regularly or ai random. In the present embodiment, (lie protrusions and 
depressions are formed in a whole inner wall of through hole 12, but according 
to the invention, them may be formed in a part of the inner wail. Particularly 
when the honeycomb structural body 11 is made a material having 
photocatalysis, it is preferable to form protrusions and depressions in a whole 
surface of a through hole 1 2. 

When the through holes 12 have protrusions and depressions, a 
waste gas is disturbed to generate a turbulent flow. Then, the waste gas is 
stirred effectively and a possibility of reaction of harmful substances with high 
energy electrons generated by the discharge plasma. In this manner, the 
treating efficiency can be further improved. It should be noted that, the 
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formarion of protrusions and depressions in The inner walls of through holes 17. 
docs not substantially affect the generation of discharge plasma. Moreover, 
when the honeycomb structural body 11 is made of a material having 
photocatalysis, harmful substances are treated by decomposition and/or 
5 oxidation by active oxygen produced by the excitation with ultraviolet emitted 
from the discharge plasma. In this manner, the generation of the turbulent 
flow is advantageous. 

In all the embodiments so far explained, a waste gas is flowed 
through the through holes formed in the honeycomb structural body and the 
10 discharge plasma is generated along the through holes. According to the 
invention, when the photocatalysis is utilized, it is not always necessary to use 
the honeycomb su ucLuial body. Now such an embodiment will be explained. 

Fig. 27 is a perspective view showing schematically a fourteenth 
embodiment of the substance treating apparatus according to the invention. 
15 In the present embodiment, on an inner wall of a metal sleeve electrode 36 is 
Them is arranged a first insulating sleeve 37 made of ceramics including a 
material having photocatalysis. The first insulating sleeve 37 defines a 
passage for a waste gas flow. Along a center of the first insulating sleeve 37, 
there is further arranged a wire electrode 3$ having a second insulating sleeve 
20 39 applied thereon, said second insulating sleeve being made of ceramics 
including a material having photocatalysis. The outer sleeve electrode 36 
and wire electrode 37 arc connected to a pulse supply source 16, pulse corona 
discharge plasma is generated between the sleeve electrode 37 and the wire 
electrode 38. 

25 Also in the present embodiment, harmful substances contained in a 

waste gas are decomposed by the reaction with accelerated electrons and 
radicals generated by the discharge plasma between the sleeve electrode 36 
and the wire electrode 38. and at the same time, harmful substances are 
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decomposed and/or oxidized by active oxygen produced by the first and 
second insulating sleeves 37 and 39 excited with ultraviolet generated by the 
discharge plasma . Tn This manner, the harmful substances car be Treated 
efficiently. 

5 Fig. 28 is a schematic view showing a waste burning plant having 

the substance treating apparatus according to the invention. A collected 
waste is burnt by a burning furnace 41 and a waste gas from the furnace is 
conducted to a dust collecting chamber 43 through a duct 42. During the 
potation through the duct 42, hydrated lime is added to the waste gas. In the 

10 dust collecting chamber 43, particles contained in the waste gas are collected. 
Then, the waste gas is guided into a harmful substance removing chamber 45 
having the substance treating apparatus 44 according to the invention. In the 
harmf ul substance removing chamber 45, during the waste gas is flowed 
through the dirough holes in the honeycomb structural body, harmful 

15 substances in the waste gas such dioxins, SO x and NO x Eire effectively 
decomposed by the reaction with the discharge plasma. Since the 
discharging electrodes are. made, of a metal having caTalysis and/or rhp. 
honey ccunb suuctuial body is made of a material having photocatalysis, 
harmful substances can be processed with a ycry high treating efficiency. 

20 Finally, a harmless waste gas from the harmful substance removing chamber 
44 is discharged from a smokestack 46. 

It should be noted that the present invention is not limited to the 
embodiments explained abuvc, but many alternations and modifications may 
be conceived by a person skilled in the art within the scope of the invention. 

25 For instance, in the above embodiments, the substance treating technology 
according to the present invention is applied to city type incinerators and 
waste burning plants. However, the substance treating technique according 
to the invention may be equally applied to another applications. For instance, 
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the present invention may be applied to a deposition of silicon by a 
decomposition of silane. Furthermore, the present invention may be applied 
to treat flon and irichloroethylene. 

As explained abuve in detail, according Uj the present invention, 

5 since the discharge plasma is generated within die through holes formed in the 
honeycomb structural body, the discharge plasma can bo generated uniformly 
over a whole honeycomb structural body. Therefore, by flowing a gas 
containing substances to be treated through the through holes, the substances 
can he effectively decomposed nr transformed into easily collectable 

10 substances by the reaction with electrons generated by the discharge plasma. 
In this manner, the given substances can be treated efficiently. Moreover, 
when the discharging electrodes are made of a metal having catalysis, the 
substances can be easily decomposed, and when the honeycomb structural 
budy is made of a material having photocatalysis, substances can be 

15 decomposed and/or oxidized by active oxygen generated by the photocatalysis 
material excited with ultraviolet emitted from the discharge plasma. Then, 
the treating efficiency can be further improved. 

When the pulse supply source is used for generating the discharge 
plasma, electrons having sufficiently high energy for decomposing dioxins can 

20 be generated with an extraordinary high density, and dioxins can be efficiently 
converted into harmless substances. Therefore, the substance treating 
technique according to the invention is particularly preferable to be applied to 
city type incinerators and large scale industrial wasLe treating plants. 

When use is made of the pulse supply source having a static 

25 induction thyristor as a switching clement, small size, low power consumption, 
semipermanent life time, easy maintenance, low initial cost and low running 
cost can be attained. 

Moreover, in the embodiments in which the discharging voltage is 
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applied in a direction parallel to a longitudinal direction of through holes 
formed in a honeycomb structural body, since a large discharge region can be 
obtained by the. surface discharge along inner walls of through holes, the 
reaction of substances to be heated with eleclxuns generated by the discharge 
plasma is enhanced to increase a treating efficiency. 

Further, the substance treating apparatus according to the invention 
may applied to existing waste treating plants, firepower generating stations, 
blast furnaces and so on, and the present invention can provide one of 
solutions for environmental problems and can used in various applications. 
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What is claimed is: 

1. A method of treating substances comprising the steps of: 
generating discharge plasma wirhin an electrically msulatiDg honeycomb 

structural bo dy having a. plurality of lliruu^h hulcs by applying a discharge 
voltage across electrodes, at least a part of the electrodes being made of a 
metal having catalysis; 

flowing a fluid containing substances to be treated through said plurality 
of through holes formed in the honeycomb structural body; and 

treating the substances contained in the fluid by a reaction with the 
discharge plasma and by catalysis of at least a part of the electrodes. 

2. A method of treating substances comprising the steps of: 
generating discharge plasma within an electrically insulating honeycomb 

structural body having a plurality of through holes by applying a discharge 
voltage across electrodes, at least a part of said honeycomb structural body 
being made of a material having photocatalysis; 

flowing a fluid containing substances to be treated through said plurality 
of through holes formed in the honeycomb structural body; and 

treating die substances contained in die fluid by a reaction with the 
discharge plasma and by decomposition and/or oxidation by active oxygen 
generated by said photocatalysis material excited with radiation emitted from 
the discharge plasma. 

3. A method of treating substances comprising The sTeps of: 
generating discharge plasma williin an clccUically insulating honeycomb 

structural body having a plurality of through holes by applying a discharge 
voltage across electrodes, at least a part of said honeycomb structural body 
being made of a photocatalysis material and at least a part of the electrodes 
being made of a metal having catalysis; 

flowing a fluid containing substances to bp. treated through said plurality 
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of through holes formed in the honeycomb structural body; and 

treating the substances contained in the fluid by a reaction with the 
discharge plasma, by catalysis of at least a part of the electrodes and by active 
oxygen generated by said photocatalysis material excited with radiation 
emitted from Lhe discharge plasma. 

4. A method according to one of claims 1-3, wherein said discharge 
plasma within the honeycomb structural body is of a pulse corona discharge 
plasma. 

5. A method according to claim 5, wherein said pulse, corona 
discharge plasma is generated within the honeycomb structural body such that 
electrons having sufficiently high energy for decomposing harmful substances 
such as dioxins are produced. 

6. A method according to claim 5, wherein electrons having energy of 
3-10 eV are generated by the pulse corona discharge plasma. 

7. A method according to claim 6, wherein said pulse corona 
discharge plasma is generated by a pulse supply source producing a pulse 
current having a raising edge not less than 5xlQ 10 , particularly lxlO u , 
amperes per second. 

8. A method according to claim 7, wherein a corona discharge pulse 
for generating the pulse corona discharge plasma is generated by said pulse 
supply source including a static induction thyristor as a switching element, 

9. A method according to any one of claims 1-3, wherein said 
discharge plasma is generated within the honeycomb structural body in a 
direction parallel to a longitudinal dhcclioil of die through holes. 

10. A method according to any one of claims 1 -3, wherein said 
discharge plasma is generated within the honeycomb structural body in a 
direction perpendicular to a longitudinal direction of the through holes. 

11. A method of treating substances comprising the steps of: 



00O95 (11-272,603) 



-32- 

generating discbarge plasma within a treating space at least a part of 
which is made of a material having photocatalysis; 

flowing a fluid containing substances Ln he LreaLed through said treating 
space; and 

treating the substances contained in the fluid by a reaction with the 
discharge plasma and by decomposition and/or oxidation by active oxygen 
generated by the photocatalysis. material excited with radiation emitted from 
the discharge plasma. 

1 2. A method according to claim 1 1 , wherein said discharge plasma 
generated within the treating space is of a pulse corona discharge plasma. 

13. An apparatus for treating substances comprising: 

an electrically insulating honeycomb structural body having a plurality of 
parallel ilirough holes duuugh which a fluid containing substances lo be 
treated is flowed; 

an electrode system for generating discharge plasma within the 
honeycomb structural body such that the substances contained in the fluid 
flowing through rhe through holes is reacted with the discharge plasma, at 
least a part of said electrode system being made of a material having catalysis; 
and 

a power supply source connected to said electrode system for applying a 
discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

14. An apparatus for treating substances comprising: 

a honeycomb structural body having a plurality of parallel through holes 
through which a fluid containing substances to be treated is flowed, at least a 
part of said honeycomb structural body being made of ceramics including a 
material having photocatalysis; 

an electrode system for generating discharge plasma within the 
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honeycomb structural body such that the substances contained in the fluid 
flowing through the through holes are reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
discharge plasma; and 

a voltage supply source connected to said electrode system for applying a 
discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

1 5. An apparatus for treating substances comprising: 

an electrically insulating honeycomb structural body having a plurality of 
parallel through holes through which a fluid containing substances to be 
treated is flowed, at least a part of said honeycomb structural body being made 
of a material having photocatalysis; 

an electrode system for generating discharge plasma within the 
honeycomb structural body such that the substances contained in the fluid 
flowing through the through holes is reacted with the discharge plasma and 
said material having photocatalysis is excited with radiation emitted from the 
discharge plasma, at least a pare of said electrode system being made of a 
material having catalysis; and 

a power supply source connected to said electrode system for applying a 
discharge voltage to said electrode system such that the discharge plasma is 
generated within the through holes of the honeycomb structural body. 

16. An apparatus according to any one of claims 13-1.5, wherein said 
power supply source is formed by a pulse supply source for geuciating pulse 
corona discharge plasma within the honeycomb structural body. 

17. An apparatus according to claim 16, wherein said pulse supply 
source generates a pulse discharge voltage having such pulse duration and 
amplitude that electrons having sufficiently high energy for decomposing 
harmful substances such as dioxins. 
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18. An apparatus according to claim 17, wherein said pulse supply 
source is constructed such that electrons having energy of 3-10 eV are 
generated by The pulse corona discharge plasma. 

19. An apparatus according tu claim 1 S, wherein said pulse supply 
source is constructed such that a raising edge of a discharge current is steeper 
than 5xl0 10 amperes/sec, particularly lxlO 11 amperes/sec. 

20. An apparatus according to claim 19, wherein said pulse supply 
source includes a static induction thyristor as a switching element. 

21 . An apparatus according to any one of claims 13-15, wherein said 
power supply source is formed by a AC power supply source. 

22. An apparatus according to claim 21 , wherein said AC power supply 
source has a peak voltage of 70 kV. 

23. An apparatus according to any one of claims 13-15, wherein said 
electrode system comprises first and second electrodes provided on respective 
end surfaces of the honeycomb structural body and said first and second 
electrodes are connected to said power supply source such that a discharge 
voltage is applied in a direction parallel ro a longitudinal direction of the. 
through holes. 

24. An apparatus according to claim 23, wherein said first and second 
electrodes are formed by first and second mesh electrodes provided on the end 
surfaces of the honeycomb structural body. 

25. An apparatus according to claim 23, wherein said first and second 
electrodes are formed by metal Films applied on the end surfaces of the 
honeycomb structural body. 

26. An apparatus according to claim 25, wherein said metal films arc 
extended onto inner walls of the through holes. 

27. An apparatus according to any one of claims 13-15, wherein said 
electrode system comprises a cylindrical electrode arrange on the honeycomb 
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structural body and a plurality of wire electrodes passing through holes, said 
cylindrical electrode being connected to a first output terminal of the power 
supply source and said plurality of wire electrodes being connected to a 
second ourpur terminal of the power supply source. 

28. An apparatus according Lo any one of claims 1 3-1 5, wherein said 
electrode system comprises first and second groups of a plurality of wire 
electrodes passing through the through holes, said first and second groups of a 
plurality of wire electrodes being connected to first and second output 
terminals, respectively of the. power supply source. 

29. An apparatus according to any one of claims 13-15, wherein said 
electrode systems comprises a first group of a plurality of strip electrodes each 
being applied on inner walls of the through holes and a second group of a 
plurality of strip electrodes each being applied on the inner walls of the 
through holes lo be opposed to the first group strip electrodes, said first and 
second groups of a plurality of wire electrodes being connected to first and 
second output terminals, respectively of the power supply source. 

30. An apparatus according to any one of claims 13-15, wherein inner 
walls of rhe through holes of the honeycomb structural body have protrusions 
and depressions foimed Lheieiu. 

31. An apparatus according to any one of claims 13-15, wherein a 
plurality of honeycomb structural bodies are arranged in parallel with each 
other. 

32. An apparaais according to any one of claims 13-15, wherein a 
pluraliLy »r huiieycumb structural bodies are arranged in series with each uLher. 

33. An apparatus according to claim 32, wherein different discharge 
voltages arc applied across respective honeycomb structural bodies. 

34. An apparatus according to any one of claims 13 and 15, wherein 
said material having catalysis is a metal selected from the group consisting of 
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platmuni, palladium and nickel series metal. 

35. An apparatus according to any one of claims 14 and 15, wherein 
said honeycomb smicniral body is madft of ceramics including a material 
having pholucalalysis. 

36. An apparatus according to claim 35, wherein said material having 
photocatalysis is Ti0 2 . 

37. An apparatus for treating substances comprising: 
a sleeve electrode; 

a first insulating sleeve made of ceramics containing a material having 
photocatalysis and arranged in an inner wall of the sleeve electrode, said first 
insulating sleeve constituting a passage for a fluid containing substances to be 
treated; 

a wire electrode arrange along a central axis of the first insulating sleeve; 

a second insulating sleeve made of ceramics containing a material having 
photocatalysis and arranged around the wire electrode; and 

a discharge voltage source connected to said sleeve electrode and wire 
electrode to generate discharge plasma between the sleeve electrode and the 
wire electrode; 

wherein the substances contained in the fluid are treated by reaction with the 
discharge plasma and with active oxygen generated by exciting the material 
having photocatalysis with radiation emitted from the discharge plasma. 

38. An apparatus according to claim 37, wherein said discharge voltage 
source is formed by a pulse supply source Lu generate pulse corona discharge 
between the sleeve electrode and the wire electrode. 

39. An apparatus according to claim 37, wherein the material having 
photocatalysis is Ti0 2 . 
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Abstracj 

An apparatus for treating harmful substances contained in a waste 
gas discharged from waste burning plant including an insulating honeycomb 
structural body made of ceramics containing a material having phuLncatalysis, 
a number of through holes formed in the honeycomb structural body in 
parallel with each other, first and second moan electrodes arranged on 
respective end surfaces of the honeycomb structural body, and a pulse supply 
source connected across the first and second mesh electrodes. The waste gas 
is flowed through the through holes formed in the honeycomb structural body, 
while pulse corona discharge plasma is uniformly generated along the through 
holes. Harmful substances contained in the waste gas are decomposed by 
high energy electrons and radicals generated by the discharge plasma, and 
ihe material having photocatalysis is excited with ultraviolet emitted from the 
discharge plasma to produce active oxygen which decompose and/or oxidize 
the harmful substances. 
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